Introduction
The well-known soil scientist, Daniel Hillel, describes soil as "earth's dynamic processor and recycler of vital materials and energy, the seminal crucible within which life in the land domain is generated and sustained". Hillel continues, "Hence soil science should, indeed must, be included in the curricula of all students of the life sciences and the environmental sciences" (Hillel 2007, p. ix) . While Hillel was probably referring to secondary and postsecondary students, it can be argued that the primary years are not too early for students to learn some key concepts about soil as well as some basic practices necessary to conserve soil (Geyer et al. 2004; Broll 2011) . Unfortunately, soil is not found as a topic in its own right in the K-12 science curricula of most countries around the world (Hayhoe 2013) . In Canada, in contrast, we are fortunate to have detailed soil science curricula mandated in most provinces at the Grade 2 or 3 levels, as well as individual soil science outcomes included in middle and secondary school life science and environmental units of study.
Soil Science in Canadian Curriculum Documents
Pan-Canadian framework Consistency in K-12 science content across Canada was given a tremendous boost in 1997 by the publication in both English and French of the "Common Framework of Science Learning Outcomes K-12" (Fig. 1) , produced by the Council of Ministers of Education Canada (CMEC 1997) . We are describing this document in some detail, popularly known as the Pan-Canadian Framework, and the role of soil science in it, not because this is the mandated science curriculum in any province (it is not), but because many provincial science curricula now in force are largely derived from this joint effort. The document first divides the learning outcomes into three categories: knowledge (i.e., key concepts), skills (i.e., inquiry, communication), and STSE connections (i.e., connections to science, technology, society, and the environment). The knowledge learning outcomes, traditionally thought of as the "content", are then divided into four strands: life science, physical science I, physical science II (i.e., technology), and earth and space science. In secondary school, these become the traditional strands of biology, chemistry, physics, and geology and astronomy. In elementary school, however, some broad-based technology (i.e., design and build) is placed in the physical science I or II strands. (This comes out especially in the provincial curriculum in Ontario.) As already mentioned, many of the provincial science curriculum documents are dependent on this 1997 Pan-Canadian Framework. In fact, some of the provincial representatives delegated to work on the Pan-Canadian science document were the same science educators who later led their provinces in the development of the provincial science curriculum. Provincial science curriculum documents published after the Pan-Canadian Framework are as follows:
• Ontario (1998 Ontario ( , rev. 2007 ), Alberta's science curriculum had been revised in 1996, so it was not dependent on the Pan-Canadian Framework.
3 Quebec chose not to follow the PanCanadian Framework in its science revisions, although there is some reference to soil concepts in its 2002(?) version.
Kindergarten science curriculum
At first sight, the Kindergarten curriculum appears to say very little about soil science, not mentioning it specifically either in the Pan-Canadian Framework or in any provincial Kindergarten curriculum document (with the sole exception of British Columbia, which mentions soil, rocks, and water). Nevertheless, there are some generic learning outcomes that can be addressed very effectively by hands-on soil science activities at this level. Kindergarten students should While we are not aware of any soil education programs with kindergarten students in Canada, soil scientists in Germany have worked very effectively with children from age 4 and up in understanding soil science (Geyer et al. 2003 (Geyer et al. , 2004 .
Elementary science curriculum (Grades 1-6)
In Grades 1-6, in the Pan-Canadian Framework and many provincial curricula, we have the following topics in the life science strand, which often include concepts related to soil science such as conditions for growing plants, food chains (producers, consumers, decomposers), and food webs: Then, in the earth and space strand, we have these two topics:
• Gr. 3 Exploring soil (in the Pan-Canadian and in eight provincial curricula),
•
Gr. 4 Rocks, minerals, and erosion (erosion is left out of the Ontario version).
The introduction of a complete soil unit at the Grade 3 level (Grade 2 in BC) is a wonderful opportunity for teaching about soil in primary school. 4 The fact that there is a plant growth and changes unit also in Grade 3 is an intentional suggestion of linking the two together. The five learning outcomes that follow are taken from the Grade 3 soil unit in the Pan-Canadian Framework 5 :
• investigating and describing how living things affect and are affected by soils,
• exploring and describing a variety of soils and finding similarities and differences among them,
• investigating and describing soil components,
• comparing the absorption of water by different soils and describing the effect of moisture on characteristics of the soils,
• observing and describing the effects of moving water on different soils.
These expectations can be very effectively addressed with a set of engaging hands-on soil activities suitable for Grade 3. Readily available resources that include many of these activities are described below.
Middle school science curriculum
In middle school, there are no soil units, per se, in any of the provincial science curriculum documents that we know of. However, most provinces follow the Pan-Canadian Framework in having a Grade 7 unit called "earth's crust", which includes one or more learning outcomes on soil: "classify types of soil by their characteristics, and investigate ways to enrich soils." This time, Ontario is the outlier, not Quebec, as in Ontario, this unit has been replaced with one on heat and the environment (including global warming), whereas Quebec includes the earth's crust unit and the learning outcome on soil. In the life sciences strand, most provinces also have a Grade 7 unit on interactions within ecosystems, 6 which includes the following three learning outcomes closely related to soil concepts:
• role of producers, consumers, and decomposers; food webs,
•
conditions required for growth of plants,
• interaction between biotic and abiotic factors.
A creative homeroom Grade 7 teacher certainly has lots of "curricular scope" to engage her class in great hands-on activities on soil investigations, including the presence and function of microorganisms in soil. Some Grade 7 textbooks used across Canada to support these curricular units usually include fairly comprehensive chapters, if not units, focused on soil.
Secondary school science and geography curriculum
In secondary school, a unit focused on ecosystems appears again in the life science strand, in Grade 9 or 10 in all provinces except Alberta and Quebec, and often includes learning outcomes that relate closely to the function of soil, as we can see from these two outcomes taken from the Pan-Canadian Framework Grade 10 sustainability of ecosystems unit: 4 Alberta does not have a Grade 3 soil unit but includes learning outcomes about soil in their Grade 3 Rocks and Minerals unit. Some provinces also include erosion and the origin of soil in their Grade 4 unit on rocks and minerals, as well as the complete Grade 3 soil unit. 5 The Grade 3 provincial units include very similar soil learning outcomes and often a greater number than in the Pan-Canadian Framework. 6 In Alberta, this Grade 7 life science unit is called Plants and Fibre, instead of Ecosystems, but it still includes some soil concepts.
• cycling of matter through biotic and abiotic components of an ecosystem by tracking carbon, nitrogen, and oxygen; food webs,
• describing how soil composition and fertility can be altered and how these changes could affect an ecosystem.
In Quebec, the science curriculum for secondary cycle 2 (Grades 9 and 10) includes a major concept in its unit on studying the earth and lithosphere: "The layers we see in a core sample, called horizons, differ in structure and composition. Studying a soil profile helps us understand the circulation of chemical elements in the soil and predict how it will evolve. Humidity, pH and mineral content help regulate the biological activity of soils, which is essential for feeding living organisms" (Gouvernement du Québec 2007, p. 61). Because all students take science up until Grade 10, in most provinces, 7 we can see from this brief survey that there is no reason to suppose they have not been exposed to investigations related to soil science in Grades 3, 7, and 10. This makes Canada rather unique in the world, in terms of curricular coverage of soil science concepts in its K-12 educational system.
There is one other course in the secondary science curricula of some provinces that offers a rather in-depth treatment of soil science, and that is the Grade 10 or 11 environmental science course. The following representative learning outcomes or expectations are taken from this course curriculum in four different provinces:
• analyzing soil as an integral component of terrestrial ecosystems (Saskatchewan),
• describing the soil components (e.g., pH, moisture, humus, water, and air) (Ontario),
• explaining different ecologically sound practices for improving and maintaining soil structure and fertility (e.g., crop rotation, fallowing, adding compost, or manure) (Ontario),
• explaining practices for improving and maintaining soil structure and fertility (New Brunswick),
• details on soil management (Newfoundland and Labrador).
The sad thing is, however, that only a small number of secondary students take these optional environmental science courses, usually students not needing biology, physics, or chemistry courses at the university or college level.
8 There is also another subject offered in secondary schools in Canada that includes soil concepts, and that is geography. 9 The Grade 12 geography course in British Columbia includes several soil concepts, as does the Grade 12 geography "test" listed as part of Alberta Education. Geography courses in other provinces, recently revised, seem to focus more on modern skills at using things such as Geographic Information Systems. When soil is mentioned, it is often grouped with other factors, i.e., "climate, soil, and vegetation", as in the Ontario geography curriculum.
Before ending this brief survey of soil concepts in Canadian provincial curricula, we should mention two recent trends. In some provinces such as Ontario, over the past decade or more, a heavy emphasis has been placed on the testing of literacy and numeracy (mathematics) in elementary schools (at the Grades 3 and 6 levels in Ontario). This has resulted in reduced time in the classroom devoted to science and social studies, as teachers concentrate on numeracy and literacy. No doubt, the Grade 3 soil unit has suffered as a result of this misguided attempt to focus on literacy and numeracy apart from the other subjects. Nevertheless, this trend has now spread to other provinces; it seems, with Nova Scotia's education minister announcing, on 20 May 2015, a new curriculum for Kindergarten to Grade 3 that emphasizes "core" topics, i.e., math and literacy (CBC News 2015). In contrast to this negative trend, a more positive trend, perhaps, is now starting to appear, a new emphasis on STEM education. This is a project-based, real-life-focused program of education and learning that integrates science, technology (electronic), engineering (mini-engineering or broad-based technology), and mathematics. It has broad support in the UK and US (President Obama encouraging CEOs of large corporations to support it) and is also appearing in Canada. 10 The implications that this has for the teaching of soil concepts to K-12 students will be elaborated below.
Elementary Teachers Understanding of Soil Science

Survey results
Given this focus on soil science in primary grades in Canada, the obvious question is what do elementary students already understand about soil, and perhaps more importantly, what do elementary teachers understand. Several studies have been published on elementary 7 In Alberta, the Science 20-30 course addresses soil, but most students take biology, chemistry, or physics 20-30 instead of Science 20-30. 8 We remember looking at some secondary school course enrolment statistics compiled by the Ministry of Education in Ontario, many years ago, and the percentage of students taking the Grade 11 Environmental Science course at that time was below 10%, in contrast to the 100% taking Grade 10 Science, and 50% or more taking Grade 11 Biology and (or) Chemistry or Physics. 9 For many years, Canadian provinces had a tradition of placing earth science topics in geography courses, not science courses, in contrast to the United States. This began to change in 1997, however, with the publication of the Pan-Canadian Framework, which defined the fourth content strand of the science curriculum to be Earth and Space Science. 10 For example, there was a STEM 2011 Symposium, reported on at learnquebec, a STEM 2014 Conference at the University of British Columbia, STEM Parent Conferences in the Toronto District School Board in 2015, and there is a www.stemalberta.com website. student understanding of soil science in different countries, both before and after instruction: New Zealand (Happs 1981 (Happs , 1984 , Britain (Russell et al. 1993) , Germany (Geyer et al. 2003 (Geyer et al. , 2004 Randler and Hulde 2007) , Turkey (Gulay et al. 2010) , and the United States (Lippert 2006) . Detailed reviews of those studies can be found in Hayhoe (2013) . Very little research, however, has been published on elementary teacher understanding of soil science (Hayhoe 2013) . With this in mind, several years ago, the authors started developing a multiple choice survey to use with incoming elementary teachers regarding soil science. Some preliminary results have been reported several years ago (Hayhoe 2013) . Subsequent to this, the survey was revised, with the help of several soil scientists, including Dr. Maja Krzic of the University of British Columbia and Prof. Paul Voroney of the University of Guelph. The result is a 25-item multiple choice survey related to the curricular learning outcomes at the Grade 3 level in Canada (and at the Grades 2 and 3 levels in many states in the US). We have used both the preliminary survey and the final version to test incoming elementary preservice teachers at two institutions in Ontario, a mid-size public university, and a small private university. At one of these institutions, we have also involved preservice teachers in several classes of hands-on engagement with soil science, as part of the science methods course all elementary preservice teachers take (Fig. 2) . Following this, we again tested the preservice teachers, several months later, to determine what the pre-post effect was. Although final pre-post results with the revised survey have not been formally published, Over several years, we have administered the initial soil survey and the revised soil survey to several groups of incoming preservice teachers on two Ontario campuses, totaling over 140 people, and we conducted posttests with approximately one third of these preservice teachers, the ones who participated in in-class soil activities. We found a consistent pretest average of 50% (a random score would be 25%) for incoming preservice teachers. Clearly, they had some initial understanding of soil. We also found a rather consistent post-test average of 68%, with several different groups. Thus, handson classroom activities with soil allowed them to go from 50% to 68%, gaining approximately one third of what was lacking in their initial understanding.
Concept maps and focus group results
Elementary teacher understanding of soil science was also measured through concept maps and focus group discussions. Figure 3 shows a typical concept map constructed by a group of two or three preservice teachers following several hours of hands-on activities. We can see how they link together the many different concepts and issues related to soil. A small group of them participated in a focus group, several months later. The comments there tended to focus more on the critical issues related to soil, rather than the scientific concepts. For example, Marlene shared her concern when she said, "[soil] is so critical for our survival. You need to understand what makes it up, how we treat it, how we abuse it. Because without soil we have no food and we can't exist". And Natalia added, "Once we've destroyed it it's very hard to rebuild or to have it again. Like it takes so many years to have the topsoil form again in a place where it has been removed or destroyed". The authors will be glad to share the complete 25-item survey, along with preliminary statistics on all items.
Resources and Opportunities for K-12 Soil Education
Elementary soil science written resources
The one book most useful, accessible, and reasonably priced for doing hands-on soil activities with elementary teachers or students is Dig In! Hands-on Soil Investigations (NSTA 2002). It is available at Kindle for CAN$10. This Kindergarten to Grade 4 resource book, developed by the National Science Teacher's Association in the US, includes 12 hands-on activities and two stories as guides, to study soil formation, habitats and land use, animals that depend on soil, plants that grow in soil, soil science, and soil conservation. The teacher journals Science and Children (K-6) and Science Scope (Grades 5-9) have included many articles over the years on teaching soil science in these grades. David Lindbo, in cooperation with the Soil Science Society of America, has developed an excellent booklet, Soils: Get the Inside Scoop (Lindbo 2008) . At the institution where two of the three authors work, we have developed our own unpublished 100-page Grade 3 soil unit, addressing all the expectations of the Ontario Grade 3 soil unit, which is available to share. The Atlantic Canada Science Curriculum (2002, pp. 32-43) , used in New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland, also provides 12 pages of notes for the Grade 3 soil unit, to accompany the curricular expectations.
Elementary soil science equipment
If the financial resources are available, a school or school board can purchase a STC soil unit kit for the Grades 2 and 3 levels, complete with all the equipment and supplies needed, as well as manual, lesson plans, and assessment. It was developed at the Smithsonian by the National Science Resource Centre and is marketed by Carolina Biological for $800 US. Given this high cost, however, we have found it relatively easy to obtain all the equipment and supplies for a large class at a much lower cost. Dry, clean sand is easy to obtain, clay powder from a pottery supply store, and silt can be ordered from a science supply company. Worms are readily available year around at fishing supply stores, and good loam is also readily available.
Soil stories
Another effective way to introduce young children, and older ones also, to key soil concepts is through the use of stories. One of us (Jane MacIntyre) has compiled a collection of 14 real-life stories about various aspects of soil, to introduce students to hands-on activities and help consolidate soil science concepts in their learning. Stories are powerful because they captivate children as well as help them to learn and retain concepts. To quote a well-known First Nations proverb, "Tell me a fact and I will learn. Tell me a truth and I will believe. But tell me a story and it will live in my heart forever". With this in mind, we began to search for stories that would help children to become comfortable and more confident with the subject matter of soil. We wanted to find stories that would help children learn about soil in an authentic and "science-friendly" way: to become absorbed into the story so that they might see themselves as being a part of the world of science. Unable to find soil stories that met these criteria, we decided to ask people to share their own experiences with soil. As we gathered their soil stories, we discovered that these stories were a dynamic and powerful "untapped resource" for introducing children to the soil knowledge, concepts values, and vocabulary they would meet in more formal hands-on soil activities and experiments. The stories serve as a bridge, which lead the children into the scientific world in a nonthreatening and familiar way. As well, these "real-life" authentic stories allow children to learn Fig. 3 . Concept map for soil constructed by a small group of preservice teachers following hands-on activities and discussions in class.
through the life experiences of others. We will share one example here to illustrate how this works.
12 One or more diagrams accompany each story.
Earl called his story, "The Little Sandman". Figure 4 gives the accompanying illustration.
Earl writes, "My Mother never bought any expensive products like steel pads or harsh chemicals and yet her pots and pans shone and glistened. You see my Mother had a special household 'cleaner' that she used to keep her pots and pans spotless and it didn't cost any money".
At this point, the teacher can ask her students, "Can you guess what it is?" Earl's story continues, "Each spring my Mother would empty out her kitchen of pots and pans and give them to us 'young ones' to take out to the field to clean. We would take handfuls of sand and using rags, scrub the pots and pans. The abrasiveness of the sand removed all of the burnt on particles while at the same time polishing the metal".
What child has not had an opportunity to play in sand? In "The Little Sandman", children are able to share Earl's experiences of playing in the sand and connect them to their own experiences. Earl provides the children with a unique and memorable sand experience. Through the story and the discussion that arises from the story, the children can learn about the abrasive quality of sand, and the image of Earl, as a child, using the sand to clean his Mother's pots and pans, firmly establishes the concept of abrasiveness of sand in the children's minds. As they start experiments with soil, they already have an understanding of some components of soil as abrasive.
Possible follow-up activities with students include the following steps:
• discussing the word "abrasive" and infer what it means from the story's text,
• using a piece of sandpaper and a small branch or piece of wood, sand the branch/wood and discuss what happens,
• now giving the children a rock, using sandpaper, and trying to sand the rock. Notice how long it takes to wear away the rock using the sandpaper.
This can lead into a discussion about how long it would take in nature for sand to form from rock, through wind and erosion, why it is important for everyone to become good stewards or caretakers of our soil, and what would happen if people do not become good stewards or caretakers of the soil.
In another of Earl's sand stories, he talks about how quickly the water drained through the sandy soil of his farm making irrigation necessary, and how, as a teenager, even though the pipes were heavy, it was his job to move the big irrigation pipes to the different areas of the farm to make sure none of the crops dried out and died (Fig. 5) . These stories can lead to further hands-on activities such as experimenting with sand and water, to see how long the sand can hold water, or trying to grow a plant in pure sand.
Secondary school soil education
The Soil 4 Youth program developed at UBC and other Canadian institutions is probably well known to most of the readers of this journal. A detailed description can be Fig. 4 . Illustration of children playing in sand, to accompany Earl's story. Fig. 5 . Earl moving the pipes to other parts of the field of sandy soil to make sure the crops did not dry out.
found in a paper with open access in the Journal of Natural Sciences (Krzic et al., 2014) . The program's website is located at http://soilweb.landfood.ubc.ca/youth/. Soil 4 Youth targets students and teachers in Grades 8-12 and is linked to science and geography curricular expectations in those grades. It includes 10 teaching activity resource sheets or lesson plans, four advanced research projects, and career options and opportunities to meet soil professionals, among other things. Presentations on this program have been made at many teacher conferences as well as academic conferences in recent years.
Media resources
Since 2015 was the International Year of Soil, the Soil Science Society of America developed a monthly series of 2-3 min soil videos, suitable for teacher education, as well as for high school students and some elementary students. These are readily available on YouTube, along with many other soil videos.
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STEM education opportunities for soil science
Earlier in this paper, we mentioned STEM projects in K-12 education as a new trend in curriculum in many countries, including Canada. Tsupros et al (2009) write "STEM education is an interdisciplinary approach to learning where rigorous academic concepts are coupled with real-world lessons as students apply science, technology, engineering, and mathematics in contexts that make connections between school, community, work, and the global enterprise enabling the development of STEM literacy and with it the ability to compete in the new economy". This increasing focus on STEM presents a new opportunity for teaching soil science in real-life contexts. Although the project focuses more on science and engineering than mathematics or technology, it does involve data analysis and electronic technology (i.e., web references).
A STEM project that involves soil science in secondary school might be that of designing, building, and monitoring an irrigation system in a garden. Many schools use electronic probes in the science departments for physics and chemistry experiments. Ones that could be used effectively in this project are the temperature probe (costing as little as $50), pH sensor, and soil moisture sensor.
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Summary
Most provincial curricula in Canada include a complete Grade 2 or 3 unit on soil science. This is due, in large part, to the 1997 Pan-Canadian Framework for Science Learning. Middle school and secondary curricula, while not having a specific unit on soil, often contain specific expectations on soil concepts, as part of topics such as earth's crust, ecosystems, or environmental science.
Although several reports have been published on what K-12 students understand about soil science, very little research has been done on what typical classroom teachers understand. One recent study suggests that incoming elementary teachers do have some basic understanding of soil concepts, and that they can significantly increase their understanding with just a few hours of concentrated, hands-on investigations. Much more research needs to be done, however, concerning the best way to prepare classroom teachers to effectively teach soil science in our schools.
Many excellent resources are available for teaching soil, in the form of books, unit plans, papers in teacher journals, and complete soil equipment kits. A recent approach uses real-life soil stories to spark children's interest and give them a wider context for soil concepts. An advantage of this approach is its obvious integration with literacy, the focus of much elementary instruction. At the secondary level, excellent programs have been available for several years, such as Soil 4 Youth. One approach still to be developed is that of STEM projects, where soil science is integrated with computer technology, mini-engineering, and mathematics. For those with the interest, time, and energy, there is no shortage of ideas on how to increase the role of soil science in K-12 education.
